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SUMMARY

INTRODUCTION

Submarines can be detected from the perturbations they cause in the
earth's magnetic -field. Aircraft-mounted magnetic detecting sets, such as
the AN/ASQ-81, are used to detect these perturbations. Magnetic compensators,
such as the AN/ASA-65, are used to minimize the aircraft's effect upon the

detecting set output.

As part of the Magnetic Anomaly Detection (MAD) Improvement Program,
the Naval Air Development Center (NAVAIRDEVCEN) has compared the performance
of two advanced magnetic compensators developed for ASW aircraft: the

Integrated Digital Magnetometer (IDM) and the Compensator Group Adaptor (CGA).

SUMMARY ' OF RESULTS

The comparison data were collected during 21 test flights, from August
through November 1980, aboard P-3C aircraft BuNo 158204. Two flight
origination points were used; NAVAIRDEVCEN was the primary point, but
Naval Station, Roosevelt Roads, Puerto Rico was also used to permit

operations in an environment with a smaller'magnetic dip angle.

A summary of the test objectives and conclusions is presented in

Table S-I.

Parameters used to assess the quality of the aircraft magnetic

compensations are:
o Figure of Merit (FOM),
0 Peak~to-peak noise during straight and level flight,

o Peak-to-peak noise during turms, and

o Time required to compensate aircraft.

The results of these assessments are presented in Table S-II.

iii




NADC~-81035-30

*Pa309TTODO =2I9M
8urisel §OVIAVW 2inani 10 9TqelITNs eieRQ

*swo31SAs yjoq yirm sTeu8TsS polo9lep
AT1sea peonpoad drys 031D B I9A0 S88SB]

*sfonqouos [/ ZButrddoap
Aq pesned sem uoriepei8sp o7qeroeadde oy

*A1qeroaadde L3rrenb uoT3l
—esuadwod 309JJB Jou PIP SIdAndUBW [BOTIOBL

*£3T1enb uotiesusduod uodn
1093139 91qero9adde ou pey sa3ueyd °OpnNITITV

*IT1-S ©[qel ur pozrieuuns sT uostiedwoo aByjJ
‘oTqe1dsode TITIS Sem 1T ¢, /9 1B PaADTYDOR

Jeyy ueyl isxood yoy-%G¢ dI9M 8% 01 Ty JO
soT3ue drp 3¢ L31Tenb uorjesuadwoo uySnoyiTy

‘wooq J€—d
®Ul uT poOTIBISUT ST I9jauwojaulew 103094
S3T uSyMm poiodJId ST uawasoxdut yo) ON

-oouewzoyaad yon opealdep jou sa0p
I939wolauSew 10309A KUI 9Yl JO ddUussaiayd

*IaAnduBW YOd®BI JO

SO9T24D # ueyl 210w ou YITMm a7qrssod ST STIY]
*A Q°T ueyl sso] (WO4) 2TIsw Jo 2In3TJy ®
PT9TA 03 AT3uato1zins juswdinbs qQVH 9yl
3uriesuadwod Jo syqeded sie swelsds yiog

"086T 1290300-pTu 4q
@@umkumﬁOEmﬁ QJd9M SuoTlTSuri] Tnyssso0ong

*086T 19q0320-pTuw Aq poaiaTduwod
seM 1noYo9yo pue Juawisnlpe juswdinby

*{wo3sks uoties
—uadwo) pue Juidoel], VW) SOVIAVH YITH swe31s4s oml 3yl Jo
A3TTTqrIedwod syl 3utlsel J03F 9TQEITNS BIBP IODTTOD O]

*swe31s4s oml syl Jo SOTITTIqeded uUOTIID23I89p 9Yl SSOSSB 0Of

*uorlesuaduod
1JeI0ITE UO S9yYOSuUne] AONqouos JO 109IJ3 Yl SSISSE 0]

*SI9ANDUBW T[BOTIOB] JO SInoy
TeI9A9S Butanp WO4 Iolesuadwod UT uoilepeadop 9yl SS9SSE 0f

*WOJd @y3 uodn 87245 o8ueyd-opnliTiTe Y31y
~MoT~-y3Ty ® JO 109IJ9 9Yl SS9SSe O] *SopniTITe ySI1y I® Spewm
suotiesuadwoo Jo LITPITBA SYl SOpniTI[E MOT I8 21BNTERAD Of

*978ue dyip OoTjsulew TTeUS
jo seaae ut suoljesusadwod jo A3rTenb oyj sseosse o

‘uTqed ?YJ WoxJ wooq HE-J Yl 03 poaow ST I9jdwojzsulew
103094 S3T uaym sduemrojied yo) 9yl SsISSE O

*1JBIDATE Y3l UT PIITRISUT ST Iajdwoiouleu
10309A WOI ou usym oduemioyiad y9) 9y3z Ssasse of

*3uTpEay YoB® U0 ISANDUBW YOBD JO SITIAD 4 ueryl oiow ou
yatm suotiesuaduwod WGI pue v9H) Jo L31r1fenb sy3 sseosse of

*1Y3TIT3 ' BuTanp

paysTTdwooor ©q ued swelsAs uotlesusdwod UsOM]DY SUOTITSURI]
IN3IsSsadOns vyl LJTI9a 03 ST Jey] -IYSTTJ 2ues oyl Suranp
AT®ATSS200NS UOTIOUNT UBD WJI PU®B V9D 92Uyl yioq Ieyl AJTIsa o,

*swalsAsqns
JJBADATE I9YJ0 YITM 90BJALIUT SIT pPuB V9) 9Yy3z 3Ino »oayd of

SUOTSNTOU0)

soaT199lqo

SNOISATONOD ONV STAILDACHO ISAIL °I-S ATIVL

iv




NADC~81035-30

*5897 ASTep ©AISS9DONS UPIMISQ SuaIny _Ggz “SNIpel Tuu-7°'T SUuTInNp painsesy

n

"oGTE PU® ‘,0LT “,62C ‘L08T ‘.GET ‘,060
‘,6%0 ¢,000 3o sB3urpeoy oTlouldew uo IYSITI ToA9T pue IY3TERIIS JO Sjuswdas 2INUTW-IUQ s

ST 0°v VAN 75T (utw) oswry uorlesuadwod TeIOL
0°T c°6 G°¢ 0°TT (utw) 2wWT3l I9ANLUBW uorBsuadwo)
7T1°0 0€°0 L0°0 T12°0 +A>v 9sTou uinl ead-ojl-dead wnNuIXeR
T10°0 6S0°0 8T1T0°0 G600 (X) epnmarare 13-00G¢ 3B °STOU Meod-0l-yead o8eioAe 489T-ASTEQ
GT10°0 S%70°0 22070 €70°0  (A) @pnataTe 313-006 ‘YT Ie osTou yesd-oj-—jead a8eivar y3oT-£sTR(Q
€T°0 1,70 %1°0 0S°0 (A) (s248TT3I 3821 TT®) WOL
80°0 S9°0 ¢1°0 9%°0 (A) o18ue drp or3suSew ,/9 1® KOA
90°0 8870 %1°0 €9°0 (L) o18ue drp or3zou8euw gy~ TH I® WOL
UOT1BIADP ues| UOTIBIADD ueay BERETN-BE-F |
piepuelg paepuelsg

VOO

WAt

SINIWSSASSY FATIIVLIINVAD ¥OLVSNAAWOD *II-S HT1aVi




NADC-81035-30

FOM values are calculated from data recorded during "boxes'; each
box is a series of four aircraft runs on the four cardinal headings under
control of an aircraft maneuver programmer during which specified pitch
(+#3°), roll (+10°), and yaw (+5°) maneuvers are performed. The sum of
the average peak-to-peak MAD signals for the 12 maneuvers is defined as
the FOM. A compensation which yields an FOM measurement of less than

1.25 vy (l.25x10_5gauss) is considered acceptable by the fleet.

CONCLUSIONS

Both systems can complete acceptable compensations in less than

15 minutes. This is significantly better than the two to three hours
required with the current AN/ASA-65 semiautomatic system. The IDM
requires that, during the aircraft compensation procedure, each cardinal
heading be maintained for at least 90 seconds. The CGA has no comparable
requirement. As a consequence, the average IDM compensation maneuver
time is approximately 207% greater than that of the CGA. However, the

IDM term computation and insertion are completed automatically in less
time than the corresponding manual CGA operations. Consequently, the
difference between the total IDM and CGA compensation time averages

(14.4 min and 14.0 min, respectively) is insignificant.

The IDM residual noise measurements taken during maneuvers averaged
approximately 30% less than those of the CGA. It is reasonable to assume
that during tactical maneuvers, the maximum detection range obtainable with
each compensator is inversely proportional to the cube root of that compen-
sator's FOM. Under this assumption, the mean FOM values of Table S-II
indicate that the IDM will enable detection of a target at a range of

approximately 10% greater than that of the CGA.
Noise measurements taken without maneuvers showed insignificant

differences between the IDM and the CGA; during straight and level flight,

the need for and the impact of maneuver compensation is minimal.

vi
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Sufficient digital data have been collected during the MAD compensator
comparison flight tests to enable extensive computer analyses. These include

the following scheduled analyses:

o Determining the rms magnitude of CGA and IDM residual noise during

a variety of maneuvers and during straight-and-level legs;

o Evaluating the performance of the CGA and the IDM with the MADTACS
(recorded data from both systems to be played back in the laboratory
and processed using the MADTACS algorithm);

o Spectrally analyzing the compensator residual maneuver noise; and

o Cross-correlating the compensator residual maneuver noise with

aircraft dynamic signals (roll, pitch, and yaw).

A study is planned to determine the compatibility of the IDM and CGA
hardware with software compensation improvements (e.g., MADTACS, Aircraft
Noise Component Remover (ANCR), and Random Aircraft Maneuver Compensation

(RAMAC)) currently being considered.
RECOMMENDATIONS

Compensation quality appeared to vary as a function of magnetic dip
angle; at magnetic dip angles of 41° to 48° the measured FOMs were 357% to
40% larger than those obtained at a dip angle of 67°. It is recommended
that further measurements at dip angle extremes be taken to determine the

extent of this phenomenon.

It is recommended that a cost effectiveness comparison of the two

systems be conducted.

vii
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SECTION 1

INTRODUCTION

Airborne magnetic detection systems that are rigidly fixed to the
airframe structure, such as those now aboard the P-3C and S-3A aircraft,
require magnetic compensation to eliminate the effects of airframe-maneuver
associated magnetic fields. These fields can be resolved into distinct
vector terms at the magnetic detecting element. This resolution of
terms can be performed in several different ways, but the set of 16 terms
described by Paul Leliak (reference (1)) is widely used. Maneuver noise
occurs whenever the aircraft deviates from straight and level flight.

It is the result of the permanent, induced, and eddy current magnetic
properties associated with the airframe steel structure and conducting
surfaces. The magnetic terms are not of equal significance, since some
of them exist at lower field intensities than others. This fact has been
used by present systems, with limited success, to reduce the complexity of

compensation equipment and procedures.

In the fleet today, magnetic compensation is achieved with a nine-term
semiautomatic system, the AN/ASA-65. Successful operation with this system
requires a skilled operator, an aircraft autopilot, and a maneuver programmer.
The compensation procedure consists of a specific series of standard aircraft
maneuvers (+10° rolls, +5° yaws, and +3° pitches)* on magnetic cardinal
headings. The correct sequence of maneuvers and headings is crucial to
achieve successful magnetic compensation. Successful compensation requires
a dedicated aircraft for a 2- to 3-hour flight. ~On the average, three
successful compensation flights must be performed per month by a VP squadron.
These requirements place an unrealistically high demand upon squadron

resources.

* Standard pitches are +5°; however, this amplitude of maneuver rapidly
induces airsickness and has been reduced to +3°.




NADC-81035-30

New compensation systems that will increase the probability of success
and reduce the demand for squadron resources are currently being studied.
As part of the MAD Improvement Program, the Naval Air Systems Command
Headquarters requested the NAVAIRDEVCEN to compare the performance of two
candidate ﬁagnetic compensators on a P-3C aircraft. The two compensators are
identified as the IDM AN/ASQ-162 (reference (2)) and the CGA AN/ASA-65 (V)4
(reference (3)). The IDM was developed by Texas Instruments Inc. under the

direction of NAVAIRDEVCEN. The CGA was developed by CAE Electronics Ltd.

Data for this comparison were collected during recent side-by-side
flight tests. In this report, results obtained from an analysis of the test

data are presented.
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SECTION 2

EQUIPMENT DESCRIPTION

The two MAD compensators that were tested are:

o A modified advanced dévelopment model (ADM) of the IDM and its

related equipment

o0 A preproduction model of the CGA and its related equipment

2.1 IDpM

The IDM is a new magnetometer which replaces the AN/ASA-65 compensator
and the AN/ASQ-81 magnetometer; only the magnetic sensor of the ASQ-81 is
retained by the IDM.

The IDM equipment used in the test consisted of the following items:

o IDM Amplifier/Signal Converter (Serial No. TM002)
o IDM Vector Magnetometer

o IDM Control Unit (Serial No. TM0OOL)

o IDM Stores Control (Serial No. TMQOOLl).

The interconnection of the IDM units to each other, to the Recording

Unit, and to the P-3C associated equipment is shown in Figure 2-1.

The data collection Recording Unit installed on the test aircraft (but
not intended for fleet use) contains a tape recording system compatible with

the IDM and CGA systems. The following equipment is included in the unit:

o Pertec 9-track Tape Transport
o Tape Controller

o Pertec NZRI Formatter
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Equipment required for checkout of the IDM is minimal. The primary
element is a "suitcase loader'" which enables the necessary coded logic to be
entered into the IDM amplifier/signal converter unit subsequent to installation

on board the test aircraft.

The IDM Amplifier/Signal Converter receives total magnetic field data
from the DT-323 Magnetic Sensor, directional magnetic field data from the
Vector Magnetometer, and operator control inputs from the Stores Control
and the Control Unit. The total magnetic field data are compensated using
the aircraft orientation information input from the Vector Magnetometer,
digitally filtered, and displayed. The Control Unit not only provides
operator input but also indicates the system status and configuration.

The Stores Control provides a means for inputting the aircraft's stores

status so that effects due to changes in aircraft stores can be negated.

The Amplifier/Signal Converter uses a 16-bit microprocessor to control,
direct, and provide the necessary arithmetic functions for the IDM system.
The microprocessor's program is stored in programmable read only memory (PROM)
and uses random access memory (RAM) for storing data and intermediate results.
The Amplifier/Signal Converter also houses the data acquisition circuits, two
external computer I/0's, and a digital recorder interface for the Recording

Unit.

The IDM includes built-in test equipment (BITE). It enables the ground
crew and the operator to run a complete go/no-go test. A malfunction can be

isolated to a failed module.

The Recording Unit is used to record flight data as it is acquired
during the flight tests. These data are recorded in digital format and
include all the sensor data used by the IDM as well as control data, the
display output data, a data point count, user defined analog to digital

input data, and some external I/0 information.
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The IDM has the ability to play back these recorded data from tape so
that a compensation flight can be duplicated exactly in a laboratory or
slightly modified as desired. Some of the results outlined in this report

were generated by using this playback technique.

The Recording Unit contains a Tape Controller, a Tape Formatter, and a
Tape Transport. The Tape Controller interfaces and buffers data between the
IDM and the Pertec Tape Formatter. A dual data buffer system enables the
Tape Controller to receive data from the IDM using one data buffer while it
transfers data from the other data buffer to the Tape Formatter. This
process is reversed during data playback. The Tape Formatter generates and
checks parity for the data, reformats it, and passes it to or from the Tape

Transport where it is read or written on magnetic tape.

The physical characteristics of the IDM are summarized in Table 2-I.
The space, weight, and power requirements listed in Table 2-I are not net
increases. Because existing equipment (ASA-65 and part of ASQ-81) is
superseded by IDM equipment, the net effect is actually a reduction in

these requirements.
2.2 CGA

A block diagram of the CGA (Serial No. X002) along with the present
compensation equipment is shown in Figure 2-2, Details of the CGA Data
Recording subsystem are presented in Figure 2-3. The CGA Recording Unit,
which is not intended for fleet use, is the same as that used by the IDM.

To achieve compensation in the present ASA-65 system, the Vector Magnetometer

output is correlated with the AN/ASQ-81 output to furnish information on
setting the drive current to the Compensating Coils. The settings are made
on the original ASA-65 Control Indicator. The values for the settings are
determined from the results of the pitch, roll, and yaw maneuvers on the four

cardinal headings.

2-4
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Note that the CGA test configuration depicted in Figures 2-2 and 2-3

does not include the following equipment:

0 MX-8109/ASA-71 Selector Control Subassembly
o C-7693/ASA-71 Selector Control Panel
o ID-1559A/ASA-64 Magnetic Variation Indicator

This equipment is part of the automatic submarine anomaly detection equipment

included in the standard P-3C MAD suite. Since no attempt at automatic detec-
tion was scheduled during the MAD compensator comparison tests, this equipment
was not used. The P-3C space it normally occupies was utilized for other test

equipment.

The vector magnetometer used by the CGA is installed in the aircraft
cabin. This location makes the system susceptible to noise induced by cabin
material (e.g., anchor chairs and head door). The tail boom is a more appro-

priate location for the vector magnetometer,

The CGA includes a microprocessor in which compensation terms are com-
puted by essentially solving 16 simultaneous equations. By using maneuvers
and compensation paths different from each other, sufficient data are gathered
to enable the 16 compensation terms to be determined. Of these, only the nine
terms used by the ASA-65 equipment are provided. The difference in terms
between what is set in the original indicator, and what is computed in the
CGA is sequentially displayed by the operator in the CGA Indicator. The
operator uses the differential indication displayed on the Indicator to
manually adjust the terms of the ASA-65 Control Indicator to the corrected

value.

In addition to the revised compensation technique, the CGA system
includes a stores entry and BITE. The stores entry provides a means of
compensating for the change in aircraft magnetic moment when the aircraft
drops a torpedo such as the MK-46. Up to four torpedoes for the S-3A and

eight torpedoes for the P-3C can be compensated for.

The BITE incorporated into the CGA Control Indicator enables the

ground crew and the operator to determine total system readiness (including

2-8
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the original ASA-65) before and during each flight. The type and location

of any problems are designated.
The physical characteristics of the CGA are summarized in Table 2-II.
The space weight, and power requirements listed in Table 2-II are net

increases; no existing P-3 equipment is superseded by the CGA.

2.3 System Differences

Functional differences between the two systems are summarized in

Table 2-11I.
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TABLE 2-III. FUNCTIONAL DIFFERENCES BEIWEEN IDM AND CGA

DM CGA
Number of Terms 15 9
Compensated
Compensation Means Digital Correction ASA-65
in Computer Compensation Coils
Mode of Term Setting Automatic Manual
Ability of Operator to Not easily Yes
Alter Individual Terms
Minimum Number of Headings 4 2
During Compensation
FOM Predictor Yes No

Compensation Maneuvers

Type of Bandpass Filter
Availability of Digital Output
Signals for Additional Digital
Processing (e.g., MADTACS)

Modification Type

Pitch and Roll Only
Digital

Yes

Supersedes existing
equipment

Pitch, Roll, and Yaw
Analog

Not without
additional signal

conditioner

Addition to existing
equipment

2-11
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SECTION 3

FLIGHT TEST PROCEDURES

The MAD compensator comparison (MADCC) tests were designed to compare
the performance of the IDM and CGA magnetic compensators. The IDM and CGA
systems were tested in a side-by-side configuration on P-3C aircraft,

BuNo 158204. Detailed objectives are listed in Table 3-I.

To minimize variables and produce the most meaningful results, both
compensators were tested and compared under similar environmental conditions
in the same aircraft. The same magnetic sensor, R0O-32 recorder, and data
collection equipment were used by both systems. The compensators were
tested sequentially under conditions as nearly identical as possible. 1In
this way, the possibility of one system benefiting from an unfair procedural

or environmental advantage was minimized.

Flight tests were conducted on 21 days, from August through November 1980,
which are listed in Table 3-II. Final CGA adjustments were not completed
until 14 October 1980, Flight Nine. Also indicated in this table are the
specific objectives addressed on each test day and the operations conducted

to meet those objectives.
Note that objective Pl is the checkout of the CGA-aircraft interface.

Since the IDM-test aircraft interface had already been verified prior to

the MADCC flight tests, no additional IDM interface checkout was required.

3.1 FOM Measurements

The quantity used by the fleet to describe the quality of the compen-
sation is called the FOM. The FOM is determined by performing an FOM box
(i.e., executing specified pitch, roll, and yaw maneuvers on each of the
four cardinal headings) and noting the average peak-to-peak MAD signals

observed at the RO-32 recorder for each maneuver. The FOM is defined as
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TABLE 3-I. TEST FLIGHT OBJECTIVES

Code Objective

Pl To check out the CGA and its interface with other aircraft
subsystems.

P2 To verify that both the CGA and IDM can function successively
during the same flight. That is, to verify that successful
transitions between compensation systems can be accomplished
during a flight.

P3 To assess the quality of CGA and IDM compensations with no more
than 4 cycles of each maneuver on each heading.

P4 To assess the CGA performance when no IDM vector magnetometer is
installed in the aircraft.

P5 To assess the CGA performance when its vector magnetometer is
moved to the P-3C boom from the cabin.

P6 To assess the quality of compensations in areas of small
magnetic dip angle.

P7 To evaluate at low altitudes the validity of compensations made at
high altitudes. To assess the effect of a high-low-high altitude-
change cycle upon the FOM.

P8 To assess the degradation in compensator FOM during several hours
of tactical maneuvers.

P9 To assess the effect of sonobuoy launches on aircraft compensation.

P10 To assess the detection capabilities of the two systems.

P11l To collect data suitable for testing the compatibility of the

two systems with MADTACS.
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the sum of these signals; therefore, the smaller this sum, the better the
compensation. An FOM under 1.25 gamma is considered by the fleet to be

acceptable (reference (5)).
Compensation quality was measured using the FOM technique during the
flight-test period. The number of compensation and FOM boxes executed

during each test day is indicated in Table 3-I.

3.2 Other Assessments

Other operations were also executed during the test flights; these are

identified in Table 3-I.

Some of these operations may require explanation. For instance, a
noise box is a series of four straight-and-level cardinal-heading legs,
each approximately 7 minutes long, under autopilot control. An operational
FOM (OFOM) is performed by executing +10° rolls, while negotiating a turn
at a 25° bank angle. Tactical maneuvers were simulated by daisy and clover-
leaf patterns, each having leg lengths of approximately 2 nmi. The cloverleaf

and daisy patterns are illustrated in Figures 3-1 and 3-2, respectively.

In addition, a towed bird (vehicle HTM 12) containing a DT-323/ASQ-81
magnetic sensor was deployed from the test aircraft wing during the five
test flights from 21 October 1980 through 4 November 1980. The towed
magnetometer was used to monitor the geomagnetic and geologic noise present
during those test flights. This was possible because the towed magnetometer

is unaffected by the aircraft's magnetic field.

3-5
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TURN RADIUS: 1.1 NMI (STD RATE TURN)

MAGNETIC
NORTH

CENTER
OF
SUBMARINE

fa— 1.1 NMI 1.1 NMI—D{

Figure 3-1. Aircraft Run Geometry, Cloverleaf Pattern
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« ACFT GROUNDSPEED = 200 KTS
« EACH TURN (SLIGHTLY

LESS THAN STD RATE) = 225°
« RADIUS OF EACH TURN = 1.2 NMI
+ TIME FOR 8 RUNS ON

ONE TARGET HEADING = 26 MIN

MAGNETIC
NORTH

QsMM7

/ CENTER OF TARGET

_

3.3 NMI |

(1 MiIN)

FREEZE
POINT

Figure 3-2. Aircraft Run Geometry, Daisy Pattern
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SECTION &4

COMPENSATION EFFECTIVENESS

There are several methods of assessing the quality of aircraft magnetic
compensation. In this section we examine the following parameters used to

measure this quality:

o FOM
o Peak-to-peak noise during straight and level flight
o Peak-to-peak noise during turns

0 Time required to compensate aircraft.

4,1 Test Area Envirommental Noise

At the beginning of 17 test flights, area envirommental noise was
assessed. The peak-to-peak noise encountered during approximately 3-minute
straight and level flights on each of the cardinal headings was measured.
The average value of these measurements for each test day is presented in
Table 4~-I. This value is an indication of the environmental magnetic noise

encountered in the test area on that day.

4.2 FOM

All compensation and FOM boxes executed during the flight tests are
listed in Table 4-II. The date and location of each day's operations are
listed in the first column. The boxes are numbered in the second column.
Asterisks in the box column indicate that the FOM was measured by playing
back data recorded during the previous compensation box. The third and
fourth columns indicate the compensator type used and the operation executed
during each box, respectively. The fifth column indicates the source of
the compensation terms used during each box; the sixth column presents the
FOM measured during that box. Comments are given, when appropriate, in

the last column.
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TABLE 4-I. AREA ENVIRONMENTAL NOISE

Test Day Area Environmental Noise
(v)
20 August 1980 0.02
21 August 1980 0.03
25 August 1980 0.03
29 August 1980 0.03
14 October 1980 0.03
15 October 1980 0.03
17 October 1980 0.02
20 October 1980 0.02
21 October 1980 0.02
28 October 1980 0.03
29 October 1980 0.02
3 November 1980 0.03
4 November 1980 0.03
6 November 1980 0.04
13 November 1980 0.02
17 November 1980 0.02
25 November 1980 0.03
Mean 0.03
Standard Deviation 0.01

Noise levels are peak-to-peak values averaged over

four straight and level cardinal heading runs.
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Several FOMs of the uncompensated aircraft were measured. These FOMs
are summarized in Table 4~III; they can be compared with the FOMs of compen-
sated aircraft. The IDM, unlike the CGA, does not require yaw maneuvers
for compensations. As a consequence, some of the IDM uncompensated FOMs do

not include the contribution of yaw terms.

The FOMs of compensated aircraft are, of course, significantly lower.

These FOMs are presented in Table 4-IV.

Note that CGA data prior to Box 6 of 14 October 1980 are not included
in Table 4-IV. Before then, the CGA was not completely adjusted; the

resulting FOMs were, therefore, abmnormally high.

The FOMs of partially compensated aircraft are not included in
Table 4-IV; that is, if more than one iteration was required to compensate
the aircraft adequately, the FOM resulting from only the final iteration is

included in this table.

No more than one iteration was required to fully compensate the IDM
system. Two iterations were required with the CGA equipment when the initial
term values were set to 500 (uncompensated). However, when the initial term
values were set to the fleet average, or were left at the previous flight's

values, only one iteration was required.

Note that the average IDM FOM (0.50 y) is approximately 307 less than
the average CGA FOM (0.71 y). Both, however, are well below the 1.25-gamma
threshold and are, therefore, considered acceptable in comparison to compen-

sations presently executed in the fleet.

4.2 Daisy Leg Noise

On 4 November 1980, after the aircraft was compensated with both
systems, four daisy patterns were executed. Each system was used for a

high-altitude (14,500 ft) daisy and a low—-altitude (500 ft) daisy.
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TABLE 4-1II1T.

UNCOMPENSATED FOM

Uncompensated FOM (y)

Date IDM CGA
4 August 1980 10.9
6 August 1980 12.2
20 August 1980 11.9
21 August 1980 10.1 10.4
29 August 1980 10.7
14 October 1980 9.8
14 October 1980 9.0
15 October 1980 7.
20 October 1980 10.6
21 October 1980 9.9 10.1
3 November 1980 10.8 9.2
Mean 10.4 10.2
Standard Deviation 0.4 1.4
TOTAL Mean 10.3
TOTAL Standard Deviation 1.1
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TABLE 4-IV. COMPENSATION QUALITY
Compensation Quality

Date of FOM (y)
Compensation IDM CGA
20 August 1980 0.61
21 August 1980 0.39
25 August 1980 0.44
29 August 1980 0.33
14 October 1980 0.68
15 October 1980 0.58
17 October 1980
20 October 1980 0.42
21 October 1980 0.68
28 October 1980 0.59 0.65
29 October 1980 0.39 0.68
3 November 1980 0.74 0.84
4 November 1980 0.48 0.95
6 November 1980 0.68 0.86
13 November 1980 0.36 0.80
17 November 1980 0.67 0.57
25 November 1980 0.41 0.56
Mean 0.50 0.71
Standard Deviation 0.14 0.13
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The average peak-to-peak MAD noise recorded by the R0O-32 Recorder for
each leg of these daisies is presented in Table 4~V. Note that the noise
levels during the autopilot controlled straight legs are low for both
systems. As expected, the mean noise level (0.054 y) at 500 ft is somewhat
(23%) higher than that (0.044 y) at 14,500 ft. This is reasonable because

at the lower altitude, turbulence and geologic effects are greater.

There is only a 4% difference between the average IDM and CGA noise
levels. This small difference is somewhat surprising in light of the fact
that the CGA FOM (0.95 y) measured on 4 November was twice that (0.48 v) of
the IDM. These results seem to indicate that during straight and level
flights controlled by an autopilot, aircraft maneuvers do not significantly

contribute to MAD signal noise.
4.3 Turn Noise

High~altitude (14,500 ft) daisy patterns (Figure 3-2) were executed
on 28 October, 29 Octover, 3 November, and 4 November 1980. During the
3 November flight, however, unusually large noise perturbations occurred
during the IDM turms; the cause of these perturbations is still unknown.
The CGA daisy was erroneously flown with right-hand turns instead of the
left-hand turns indicated in Figure 3-2. For these reasons, the daisy-turn
data obtained on 3 November are suspect; they are, therefore, not included

in the following analysis.

Each daisy turn is 225° at at 1.2-nmi radius. The turning rate is
slightly less than that of a standard rate turn. The maximum peak-to-peak
MAD noise recorded by the R0-32 recorder for each daisy turn is presented
in Table 4~VI. Note that there are only seven turns in each daisy. The

missing turn is identified by a dash in Table 4-VI.

Note that, in general, the IDM compensations yielded better results
during daisy turns than the CGA compensations. The mean IDM turn noise
(0.21 yv) is approximately 30% less than the corresponding CGA turn noise

(0.30 v).
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TABLE 4-V. DAISY LEG NOISE
T~Altitude 5 14,500 ft 500 ft

. System IDM CGA IDM CGA
Heading

045 0.03 vy 0.03 vy 0.03 vy 0.04 v

180 0.06 0.04 0.06 0.06

315 0.03 0.05 0.09 0.05

090 0.02 0.06 0.05 0.06

225 0.08 0.07 0.06 0.06

000 0.04 0.05 0.05 0.07

135 0.02 0.03 0.04 0.04

270 0.06 0.03 0.04 0.06
Mean (y) 0.043 0.045 0.053 0.055
Standard deviation (y) 0.022 0.015 0.018 0.011

Column values indicate the average peak-to-peak MAD signal noise
experienced during daisy legs.
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4.4 Time Required to Compensate Aircraft

The quicker the aircraft can be compensated, the sooner its ASW mission
can be prosecuted. It is, therefore, important to be able to effectively

compensate the aircraft in a timely manner.

Table 4-VII presents the time required for each compensation completed
after 14 October 1980. The earlier compensations are not considered because
the systems had not yet been completely adjusted. The CGA compensation of

28 October is also omitted because of insufficient data.

Compensation time is composed of maneuver, term computation, and term
insertion times. The maneuver time as well as the total compensation time
is presented in Table 4-VII. The term computation and insertion processes
are performed automatically by the IDM system; they are manually performed
for the CGA system.

The average IDM maneuver time (11.0 min) is approximately 207 greater
than that (9.2 min) of the CGA. This is true in spite of the fact that the
IDM does not need the yaw maneuvers required by the CGA system. This
paradoxical condition results from the different timing conditions imposed
by the two systems. The IDM system requires that each cardinal heading be
maintained for at least 90 s even though the actual roll and pitch maneuvers
are completed before this time has lapsed. The CGA system has no minimum
time requirement. Instead, it requires that all maneuvers be completed
within a 10-min period. This maximum time requirement necessitates restart-
ing a CGA compensation box from the beginning if it is interrupted. Since
maneuvers cannot be conducted within clouds, cloud cover could necessitate
an interruption in a CGA compensation and subsequently a re-execution of
the whole compensation box. An interrupted IDM compensation can simply be
resumed once the aircraft emerges from the clouds; there is no need to

repeat the completed legs of the compensation box.
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TABLE 4-VII. TIME REQUIRED TO COMPENSATE AIRCRAFT

IDM Compensation Time CGA Compensation Time
(min) (min)

Date Maneuver Total Maneuver Total
15 Oct 1980 9.3 15.8
15 Oct 1980 7.8 15.1
15 Oct 1980 8.4 15.0
20 Oct 1980 8.6 11.8

21 Oct 1980 9.4 15.9
21 Oct 1980 10.5 16.1
28 Oct 1980 12.9 16.1

29 Oct 1980 11.1 14.8 10.1 15.3
3 Nov 1980 10.0 13.5 8.0 12.5
3 Nov 1980 8.4 13.0
4 Nov 1980 8.9 12.4 9.0 12.2
6 Nov 1980 14.9 17.9 7.7 11.8
13 Nov 1980 13.9 17.6 9.9 13.7
13 Nov 1980 9.4 13.2
17 Nov 1980 10.3 14.2 9.9 13.4
25 Nov 1980 8.1 11.6 10.7 13.8
Mean 11.0 14.4 .2 14.0
Standard Deviation 2.5 2.4 1. 1.0

Total time is the time required for maneuvers, computation, and entry of

the new term values into the system.

IDM times do not include any time spent in performing yaw maneuvers during
compensation boxes; they are not required.
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The IDM term computation and insertion are completed automatically in
less time than the corresponding manual CGA operations. As a consequence,
in spite of the 1.8-min maneuver advantage that the CGA system enjoys, the
difference between the total IDM and CGA compensation time averages

(14.4 min and 14.0 min, respectively) is insignificant.

4.5 FOM Prediction

As part of its compensation computations, the IDM equipment auto-
matically assesses the quality of the compensation being performed. That
is, it predicts what the FOM value will be after the new compensation terms
are inserted. The accuracy of this prediction can be assessed from the data

collected during the MADCC tests.

Ten of the predictions made during the MADCC tests were checked by
executing FOM boxes with the new terms. These predictions are listed in

Table 4-VIII.

Note that .FOM predictions are consistently low; they average approxi-
mately 377 less than the corresponding measurements. The correlation
coefficient is 0.482; this implies that the prediction is not strongly

correlated in a linear manner to the actual FOM.
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TABLE 4-VIII. 1IDM FOM PREDICTIONS

FOM (y)
Date Predicted Measured
25 Aug 0.28 0.44
29 Aug 0.26 0.33
20 Oct 0.34 0.42
29 Oct 0.27 0.39
3 Nov 0.31 0.74
4 Nov 0.27 0.48
6 Nov 0.36 0.68
13 Nov 0.30 0.36
17 Nov 0.30 0.54
25 Nov 0.33 0.41
Mean 0.302 0.479
Standard Deviation 0.033 0.136
Average difference = 0.177 vy
rms difference = 0.212 vy
Correlation coefficient = 0.482
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SECTION 5

SENSITIVITY ANALYSES

In this section, we examine the sensitivity of IDM and CGA compensator
quality to different magnetic dip angles, to altitude changes and maneuvers,

and to changes in the sonobuoy load.

5.1 Magnetic Dip Angle

The three test flights of 3, 4, and 6 November 1980 originated from
Naval Station, Roosevelt Roads, Puerto Rico. The magnetic dip angle at the
test locations on those days varied from 41° to 48°. All other test flights
originated from NAVAIRDEVCEN; for these flights, the magnetic dip angle was

approximately 67°.

The quality of the compensations performed in the two areas are compared
in Table 5-I. Note that both IDM and CGA compensations degrade at the lower
dip angles; the average FOMs increase by 37% and 35%, respectively. In both
cases, however, the average FOMs (0.63 y and 0.88 v, respectively) at the
lower dip angles are still acceptable, both being below the 1.25-gamma

threshold.

5.2 Aircraft Altitude Changes and Maneuvers

On 13 November 1980, IDM and CGA compensations and FOMs at 15,000 ft
were performed. The aircraft then descended to 1000 ft where FOMs were
again measured. The aircraft then returned to 15,000 ft where additional

FOMs were measured.
The results of this experiment are summarized in Table 5-II. Note

that neither the altitude changes nor the maneuvers performed during the

experiment caused the FOMs to exceed the 1.25-gamma threshold.
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TABLE 5-I. SENSITIVITY OF COMPENSATION QUALITY TO MAGNETIC DIP ANGLE

Magnetic Dip Angle (deg) 41-48 67

System IDM CGA IDM CGA
Number of Compensations 3 3 10 8
FOM Mean (y) 0.63 0.88 0.46 0.65
FOM Standard Deviation (y) 0.14 0.06 0.12 0.08

TABLE 5-II. SENSITIVITY OF COMPENSATION QUALITY TO ALTITUDE CHANGES

System IDM CGA
FOM after compensation at 15,000 ft (y) 0.36 0.80
FOM after descending to 1,000 ft (y) 0.48 0.76
FOM after returming to 15,000 ft (y) 0.57 0.77

Data taken on 13 November 1980

5.3 Sonobuoy Load Changes

On 17 November 1980, the aircraft was loaded with 40 external and
37 internal sonobuoys. Upon reaching an altitude of 14,600 ft, the crew
performed IDM and CGA compensations and FOMs. The external buoys were
then dropped and FOMs were again measured. The internal sonobuoys were

then dropped and a final pair of FOMs measured.
The results of this experiment are summarized in Table 5-III. Note

that no appreciable degradation in compensation quality due to the sonobuoy

drops is evident; the 1.25-gamma threshold is not exceeded.
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TABLE 5-I1T. SENSITIVITY OF COMPENSATION QUALITY TO CHANGES IN SONOBUOY LOAD

System IDM CGA

FOM after compensation with 87 sonobuoys (y)  0.67 0.57
FOM after dropping 40 external buoys (y) 0.54 0.79
FOM after dropping 37 intermal buoys (y) 0.47 0.61

FOMs taken at 14,600 ft on 17 November 1980
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SECTION 6

TARGET DETECTION RANGE

Using the FOMs presented in Section 4, we can estimate the relative

detection ranges obtainable with the two compensators.

The signal amplitude H of a target at range R is inversely proportional

to R3.
3
HR™ = kl (6-1)
where kl is the constant of proportionality.
At the maximum detectable range Rmax’ the signal amplitude H equals the
product of the noise level NT and the minimum signal-to-noise ratio SN min

which enables a specified probability of target detection at a specified
false-alarm rate.

H = (6-2)

SN min NT

Let us assume that the noise level N, encountered by a particular system

T
executing tactical maneuvers is proportional to the system figure-of-merit
FOM'

Y - k, (6-3)
FOM

where k2 is the constant of proportionality.

By combining equations (6-1, -2, and -3), we see that, for a given

value of S.N min’ Rmax is inversely proportional to the cube-root of FOM.

p 13 (6-4)

Rmax oM

where k is the constant of proportiomality.
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The mean IDM and CGA FOMs, as indicated in Section 4, are 0.51 y and
0.71 v, respectively. Inserting these values into equation (6-4), we find

the ratio R / of the IDM and CGA maximum detectable ranges

max IDM Rmax CGA
during tactical maneuvers.

/3

R 1
max IDM _ (0.71 = 1.1 (6-5)

= )
Rmax cea 0.50

That is, under identical tactical-maneuver conditionms, the IDM will enable
detection of a target at a range of approximately 107 greater than that of

the CGA.

As indicated in Section 4.1, the 0.51 vy and 0.71 y FOM values were
obtained in areas having an average environmental noise of 0.03 y. 1In
areas exhibiting higher environmental noise levels, the relative difference
between the IDM and CGA FOMs is expected to be less. Consequently, in these
areas, the relative detection-range advantage of the IDM over the CGA is

also expected to be less.

During actual ASW operations, pitches and yaws are rarely executed.
Therefore, turn noise is probably more representative of tactical noise
than that encountered during the measurement of FOMs. Note that if we

assume that the noise level N,, is proportional to the mean turn noise

T
presented in Table 4~VI instead of the mean FOM we obtain similar results.

R 1/3
max IDM _ 0.30) - 1.1 (6-6)

- (0.21

Rmax CGA
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